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Improved solder connection between microetectric chip and substrate and method of manufacture. 



*t<& Microetectnc chips are electrically connected to under- 
lying substrates by means of elongated solder columns made 
possible by solder dams at the surface of the substrate, the 

~ dams being positioned about at least a portion of the connec- 
tion pads on the surfaca Substantial increases in the size of 

©the matrix of such columns are achieved without exceeding 
applicable shear strain limits, due to the increased deforma- 

Q-tion of the connectors made possfcle by their 

■■■length. 
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IMPROVE) SOLDER CONNECTION BETWEEN MICROELECTRIC CHIP AND SUBSTRATE AND METHOD OF MANUFAC- 
TURE 



Technical field 

The present invention concerns electrical connections 
between myoelectric chips and their supporting substrates. 
More particularly, the invention concerns an improved sol- 
der co nn ection and a method of manufacturing such a 
connection, the irnproved connection being configured such 
that larger microelectronic chips with denser matrices of 
solder connections can be used, without exceeding accept- 
able shear stress Omits during heat-up and cool-down cy- 
cles during operation of the microelectronic chip. 

Background Art 

During the past two decades the extraordinary rapid 
development of techniques for producing integrated circuit 
devices has made it possfole to provide on a single silicon 
ship extremely complex circuits comprising very targe num- 
bers of individual circuit elements. Such chips typically are 
approximately 6.5 mm square so that the connection points 
or solder pads which electrically connect the chips to the 
outside world to receive and transmit data and to receive 
operating power are necessarily extremely small. Figure 1 
shows an exploded, perspective view and Figure 2 shows a 
fragmentary sectional view of one prior art technique com- 
monly used for mounting a chip 10 to an underlying sup- 
port Usually, the sflicon chip is provided with microelec- 
tronic circuitry on only one side. To connect the chip to the 
outskte world, conductive paths are provided through the 
thickness of the chip to its underside where a matrix of 
downwardly pr o je c tin g solder balls 12 is provided in the 
now familiar manner. Such tiny solder baits provide con- 
trolled coOapse connections for chip 10 and are commonly 
referred to in the art as C-4 connections. The C-4 solder 
baQs are placed in contact with a support or substrate 14 
having a corresponding matrix of solder connection pads 16 
which are essentially flush with' its upper surfac&r ~ 



Substrate 14 may be a multi-layered ceramic structure 
of the type described in US-A-4,245.273 granted to Fein- 
berg and Landon for "Package for Mounting and Intercon- 
necting a Plurality of Large Scale Integrated Semiconductor 

5 Devices". Such a substrate may include peripheral connec- 
tion pads 18, mputfoutput and power pads (not aiustrated) 
on its lower face and vertically and transversely exterufing 
conductive paths 20,24 extending through the body of sub- 
strate 14 to interconnect chip 10 and connector pads 16 to 

io various inputfoutput and power sources, as desired. Another 
example of such a substrate may be found also in IBM 
Technical Disclosure Bulletin, VoL 24, no. 11 A, April 1982, 
by E. Hubacher for "Shared EC Pad Design". 

To join chip 10 to substrate 14, the solder baits 12 are 

75 placed in contact with connection pads 16, the ambient 
temperature is raised to the fusion temperature of the solder 
and the solder then reflows to produce the type of short 
connection column 26 illustrated in Figure 2. Such prior art 
connection columns typically are 0.025 to 0.050 mm in 

20 length or about half the diameter of the solder ball used. As 
used in this description, the term "solder* means a metaffic 
alloy having a fusing temperature in the range of 200 to 
320 degrees Celsius, the major metal components of the 
afloy being lead (40-95%), and tin (5-60%). 

25 WhBe C-4 solder joints have been used extensively to 

connect silicon devices to underlying substrates in the man- 
ner shown in Figures 1 and 2, appfication of this type of 
joint has been limited to smaller sized chips requiring only a 
limited number of connections to a substrate. Such Bmita- 

30 Hons arise due to shear strain which develops in the C-4 
joints due to Differential thermal expansion between sub- 
strate 14 and chip 10. The difference between the expan- 
sion of the chip and the substrate between room tempera- 
ture and operating temperature must be accommodated by 

55 deformation of columns 26. The extent of the allowable 
deformation is governed by the desired fatigue cycle Ofe for 
the joint The maximum shear displacement of "a Joint, 5, is 
given by the following expression: 



At, 



L is the longest cfimension along any edge of the 
matrix of C4 connections, a* and at are the ^efficients of 
thermal expansion for the sfficon device and the substrate; 
AT is the temperature rise from room temperature to op- 



erating temperature. For some time, it has been recognised 
that as the height h of columns 26 increases, the shear 
strain y decreases in accordance with the following relation- 
ship; 



h 



where & is fre shear displacement for the column in ques- 55 
tion. 

Successful performance of a C-4 joint is determined by 
reference to the maximum shear strain which the outermost 
04 joint would experience during operation of a given 
combination of chip and substrate. So, for a given maximum 60 
allowable shear strain, an increase in the CM joint height h 
wffl aBow a proportionate increase in the overall size of the 
matrix of C-4 joints and a concomitant increase in the 



permissible size of the silicon device itsefi Since a larger 
chip allows a greater degree of integration, with more func- 
tions performed on the chip, an improvement in speed and 
efficiency of production can be obtained 

Examples of prior art attempts to increase the length of 
the connection between a chip and its substrate are dis- 
closed in US-A-3,719,981 granted to Stete for "Method of 
Joining Solder BaDs to Solder Bumps", US-A-3,591,839 
granted to Evans for "Microelectronic Circuit with Novel 
Hermetic Seating Structure and Method of Manufacture" 
and in US-A-4,067,104 granted to Tracy for "Method of 
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Fabricating an Array of Flexible Metallic Interconnects for 
Coupfing Microelectronics Components". However, merely 
increasing the height of the C-4 connector can introduce 
additional problems which may offset any advantage of 
being able to use a larger chip. For example* there is an 
increased tendency for electrical shorting between the 
closely spaced C-4 connectors, as the connectors deflect 
during thermal cycling. Thus, a need has developed for 
means to constrain the C-4 connectors from spreading into 
contact with each other when very small spacing between 
connectors is desired. 

Summary of the Invention 

Accordingly, the present invention provides a method 
for providing controlled coflapse connections between a 
ntioroelectroriic chip having a surface including a matrix of 
electrical connection points and a support substrate having 
a surface inducing a corresponding matrix of electrical 
connection points, the method comprising the steps of for- 
ming, at at least a portion of the connection points on at 
least one of said surfaces, of an electrically insulating 
material, dam means defining a central open volume around 
each such connection point, introducing molten solder into 
each open volume defined by the dam means, allowing the 
solder to cool to form, at each of the connection points 
concerned, a solder column, positioning the chip and the 
substrate such that the respective matrices of connection 
points are in alignment, and heating the assembly thus 
formed to melt the solder columns and form said controlled 
collapse corrections, the material of the dam means being 
such that, on subsequent cooling, the dam means and 
solder columns separate at least partiafly from each other 
so as to permit flexing of the solder columns. 

This method allows C-4 connections to be made at 
greater density and over a greater area than previously 
possible by enabfing longer solder columns which have 
some freedom to flex to be successfully implemented with- 
out danger of srtrjrting. 

A preferred feature of the invention is that the step of 
forming' the dam' means comprises proviomg a layer of 
electrically insulating material <w tte respective surf 
providing through the layer a plurality of holes correspond- 
ing to the connection points on each surface to bo o^mmed, 
to thereby define the central open volume at each such 
connection point 

In one preferred method accenting to the invention the 
coefficient of thermal expansion of the damrrang material is 
about one fourth that of the solder. This tactfitates separa- 
tion of the dam from the solder column on coding. In this 
case, it is additionally preferred that the layer of electrically 
insulating material is ceramic, the layer preferably having a 
thickness in the range 0.025 to 0.127 rrrillimetres. 

Alternatrvery, according to another preferred variant of 
a method according to the invention, the coefficient of 
thermal expansion of the damming material may be sub- 
stantially greater than that of the substrate or chip or both to 
which it is applied and the damming niaterial may preferably 
be a rjoryimide material. 

In mis alternative implementation of the invention, the 
thickness of the o^mrntng layer is rjreferabry in the range 
0.050 to 0.200 millimetres and the dam means and solder 
columns are preferably formed on the substrata In one 
preferred variant of this impterrtefrtafion, the dam means are 
further defined by removing sections of the electrically in- 
sulating layer to leave an annular solder dam surrourvfing 
each said open volume. 



Brief Description of the Drawings 

The invention will now be described, by way of exam- 
ple only with reference to the following drawings in which: 

5 

Figure 1 shows an exploded, perspective view of a prior art 
rnicroelectrortic chip and substrate prior to joining. 

Figure 2 shows a fragmentary sectional view of a prior art 
io joint between a substrate and a microelectronic chip. 

Figure 3 shows a fragmentary sectional view of an im- 
proved C-4 solder joint according to the present invention in 
which damming means are provided on the underside of the 
75 chip. 

Figure 4 shows a fragmentary sectional view of a specific 
application of the generic Invention in which annular dam- 
ming means are provided on the upper surface of the 
20 substrate. 

Figure 5 shows a fragmentary sectional view of the struc- 
ture illustrated in Figure 4 following deformation of the joints 
due to differential thermal expansion. 

25 

Figure 6 shows a fragmentary sectional view through a 
further specific application of the generic invention in which 
the damming means are provided by a layer of electrically 
insulating material on the upper surface of the substrata 

30 

Figures 7 and 8 show fragmentary sectional views of a 
portion of the structure illustrated in Figure 6 and indicate 
how the holes through the layer of electricafly insulating 
material deform due to differential thermal expansion and 
35 contraction. 

Figure 9 shows a fragmentary sectional view of the specific 
application of Figure 6, illustrating how the walls of the 
damming means are spaced from the solder joints to allow 
40 for distortion of the LPfnts due to differential thermal expan- 
sion during operation. 

Figures 10 to 15 show fragmentary sectional views of the 
embodiment of Figure 6 illustrating the di fferent distortions 
45 of the solder joints produced at the edge of the chip and at 
the centre of the chip at reflow, room and operating tem- 
perature. 

Figure 16 shows a fragmentary sectional view of yet an* 
50 other specific application of the invention in which the 
damming means are formed on a multi-layered ceramic 
substrate by provicfing the final layer of ceramic with appro- 
priate apertures for receiving solder. 

55 Figures 17 to 21 illustrate the sequential steps for rjreparing 
a substrate of the type illustrated in Frgure 16. 

Figure 22 shows a variation of the specific application 
frustrated in Figure 16 in which camming means are pro- 
60 vided on both the substrate and the chip. 
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Detailed Description of the Invention 

The following is a detailed description of the preferred 
embodiment of the invention, reference being made to the 
drawings in which the same reference numerals identify the 
same elements of structure in each of the several Figures. 

In the embodiment shown in Figure 3, the underside of 
chip 10 has been provided with a layer 28 of photo- 
sensitive pofyimide or photo-sensitive di-etectric epoxy, the 
layer having a thickness about 0.050 to 0.200 mm. Then, 
via holes 30 are opened through layer 28 using photo- 
lithographic techniques. Solder balls are then deposited 
within the vias 30 to provide solder balls or columns having 
a longer axial drnension than known in the prior art The 
increase in the height of the solder bafts, of course, is 
possible due to the presence of additional solder in vias 30. 
When a chip formed in this manner is joined to a substrate 
14, as illustrated in Figure 3, a longer joint 26 results so 
that larger chips having more densely packed C-4 joints 
can be used. Also, layer 28 functions as a means for at 
least partiaDy damming the flow of solder during reflow to 
join chip 10 to substrate 14, thereby lessening the possbfl- 
fty of solder spread which would cause short circuits. 

Figures 4 and 5 show a specific application of the 
generic invention in which electrically insulating, readBy de- 
formabte rings 32 are provided around each connector pad 
16 of substrate 14. Conventional prtoto-fimog/aphic tech- 



niques can be used to define rings 32 from a layer of a 
suitable material such as pofyimide, after which the open 
central volume of the rings can be filled with solder by 
dipping or wave soldering techniques familiar to those 

5 skated in the art Thus, the rings act as solder dams in the 
manner previously described. 

As the chip 10 shown in Figure 4 is cycled between its 
operating temperature and room temperature, joints 26 and 
rings 32 are deformed, the former plastically and the tatter 

to efasticalfy. For a pofyimide ring height h, of about 0.064 
mm, an inner radius r, of about 0.057 mm and an outer 
radius r, of about 0.079 mm, it can be shown that the shear 
strain in the unsupported portion of joints- 26 between rings 
32 and the underside of chip 10, is reduced by approxt- 

75 matefy 25%. For this situation, a ring 32 of about 0.020 
mm radial thickness aDows the lower portion of joint 26 to 
deform sightly, as shown in Figure 5. For thicker rings, 
smaller changes would be observed in the imposed shear 
strain. With this technique, an improvement in the C-4 joint 

20 allows an increase in chip size of approximately 25% with- 
out exceeding maximum shear strength constraints. 

An improvement of this magnitude can be achieved 
with the embodiment shown in Figures 4 and 5, as shown 
in the following brief analysis. A balance of the shear forces 

25 at the top of each ring 32 requires that 



v r i -v r i + v ( r 2 " r i } — <«' 

where t s is the shear stress in the unsupported part of the Since the pofyimide may be treated as entirely elastic 

C-4 column, assumed constant r, is the radius of the C-4 35 
column: r, is the shear stress in fre solder within ring 32, 
assumed constant; r p is the shear stress in ring 32, as- 
sumed constant; and r s is the outer radius of ring 32. 



T = u . 6 1 ..-(2), 

45 

where Up is the shear modulus of the pofyimide; 5, is the Since the shear strains of interest within the joints 26 

tfsplacement crfthetopofring32;andh l isthe height of are approximately 1%, the solder material can be consid- 

ring 32- ered to be a work-harcfening. plastically deforrning material 



so that, 



60 



A + By n • . . (3) , 



55 



where A, B and n are cons ta n ts and 7 is the shear strain. 
Based on the irrformalion presented in IBM Technical Dis- 
closure Report TR 22.1009 (1970) by H.S. Rathore, R.C. 
Yih and A.R. EdertfeJd for "Mechanical Properties of 



5/95Sn/Pb Solder and Solder Containing Impurities", rough 
estimates ofA,Bartdnare3xlO* N/m\ &5 x 10* NmV 
and about 0.5, respectively, for strains of approximately 1%. 
Combining equations (1), (2) and (3) yields: 
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70 

where 5o equate the displacement accommodated by the Letting ho equal h t and noting that 5 (the total Displace- 

section of the solder column above the ring 32. mem sccorranodated by the solder column) equals a, plus 

then 



(6-6 ) 4 = « * + ^ 



V 



(5), 



The values of £» and *. are shown below for several 
values of r, where r, is O057 mm; h, equals h. equals 
0.064 mm; Up equals 18.1 x 10* N/m 2 B equals 8^ x 10* 25 
N/m* and 6 equals 61.9 x 1fJ~* mm, a typical maximum 
displacement for chips currently in use. 



r 2 (mm) $ 0 (mm) $ (mm) 6 Q /6 

0.079 48.3 x l(f 5 13.7 x 10" 5 0.78. 

0.095 53.1 x 10" 5 9.14 x 10" 5 0.86 

0.122 56.6 x 10" 5 5.33 x l(f 5 0.91 



Note that r, greater than 0.114 mm is not meaningful 
for any array of connector pads having a centre-tr>centre 40 
spacing of 0.228 mm; however, this example may be used 
as an indication of the stiffness of a sofid polyimide layer 
having cytindrical holes spaced 0.114 mm apart 

The value of hjb provides a measure of the shear 
strain reduction in the upper, unsupported portion of each 45 
joint 26 with respect to a standard joint 26 of the type 
shown n Figure 2 and not supported by a ring 32. For the 
thinnest pctyimide ring having a wall thickness of 0.020 
mm, a reduction in shear strength of about 22% would be 
expected. If the chip size were increased such that the 50 
standard, acceptable maximum shear strain were imposed, 
the length and width of the matrix of connectors would each 
be approximately 25% greater than the original. 

Figures 6 to 15 iSustrate a further specific application 
of the generic invention in which a solder damming means 55 
is provided which typically separates from the sote column 
at operating temperature, thereby giving a greater freedom 
of movement to the lower part of the solder column and a 
more effective reduction in shear strain. A layer 34 of 
electrically insulating material having a high coefficient of so 
thermal expansion relative to that of substrate 14 is pro- 
vided on the upper surface of substrate 14. For example, a 
layer of polyimide plastic having a thickness in the range of 
0.050 to 0.200 mm may be provided. Such a polyimide 
plastic has a coefficient of ttiemral exparision ctp of app*oxi- 55 
mately 25 x io-*/degree K, whereas, the coefficient of 
expansion of the substrate ot is approximately 6£ x 
10-Vdegree K, where 32% AJA ceramic is used for sub- 
strate 14. Where such a layer 34 is provided with an array 



of vertical, cyfindrical vias 36 as shown in Figures 6 and 7» 
the top of each via 36 win open with respect to the bottom 
of the via as substrate 14 and the adhered layer 34 drop in 
temperature from a temperature appropriate for solder join- 
ing. See Figure & This occurs due to bt-axial tensile stress- 
es in the upper layer, assuming good adhesion between 
layer 34 and substrate 14. 

When a substrate having such a layer 34 is joined to a 
chip 10 in the manner illustrated in Figure 9, a gap exists at 
room temperature between the solder joint 26 and the 
inside wall 38 of each via 36. Furthermore, the metal solder 
wfll shrink more than the substrate, causing an even larger 
gap to be formed. The coefficient of thermal expansion of a 
solder co m pris in g lead and 5% tin is approximately 25 x 
lO~Vbegree K. Thus, the polyimide wad 38 and the solder 
wffl move away from each other. 

The structure shown in Figures 6 to 9 is formed by 
applying to the upper surface of substrate 14 a layer of 
electrically insulating material having a high coefficient of 
thermal expansion. In this layer, holes are created having 
the dimension of the desired C-4 connections and extending 
from the top of the layer to the underlying solder pad 16,20 
with which the CM connection win be in electrical contact 
These holes thus function as solder dams in the manner 
previously described The holes are then filled with molten 
solder by evaporation, Dipping, wave soldering or other 
known techniques, after which the silicon device, also pro- 
vided with its own conventional C-4 solder bails, is placed 
on the substrata and the so^ier is mflowed to produce the 
structure shown in Figure 9 after cooling to room tempera- 
ture. 
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Upon cooling from reflow temperature, the stficon of 
chip 10 wffl contract less than , the ceramic material of 
substrate 14 so that solder joints 26 are distorted to the 
extreme positions illustrated in Figures 10 to 15. As the chip 
warms up to its operating temperature, the extreme position 
solder joints, that is those at the periphery of the chip, win 
be deformed away from the side of vias 36 against which 
they rested at room temperature. The distance which a 
point P on the C-4 column at the level of the upper surface 
of layer 34, moves before the C-4 column impinges on the 
opposite side of via 36 is 2 A 1 or roughly twice the value A* 
which would be estimated for columns 26 at the centre of 
the chip by considering the relaxation of the top of via 36 
plus the shrinkage of C-4 column. 

Since the potytmjde material for layer 34 is stiff with 
respect to a plasticaDy de form in g solder material, it is nec- 
essary to avoid the situation in which the C-4 column 
deforms into contact with the wall of vias 36. Essentially, 
when a C-4 column comes into contact with the wall of the 
via, further displacement of chip 10 with respect to sub- 
strate 14 w9l have to be accommodated by deformation of 
the portion of the C-4 column above layer 34, the solder 
dam. For a polyimxJe layer 34 with an array of vias 36 

A *= ( a - <*> (T - T )r. + 
p b s 0 1 



having a radius of 0.057 mm and a centre-to-centre spac- 
ing of 0.228 mm and for lead -5% tin solder having a 
so&fiftcation temperature of about 300 degrees Celsius, it is 
estimated, based on first order approximations, that an 
5 increase in chip size of the order of 140% can be achieved 
without exceeding the maximum shear strain allowable and 
without having any C-4 column contact the side wall of its 
via 36. 

In view of the isolation of the C-4 columns provided by 
io the solder dams and the significant shear strains achievable 
without any C-4 column impinging on its solder dam, it is 
also possible in accordance with the invention to decrease 
the size and spacing of the C-4 joints. Smaller, more 
closely spaced holes are easBy formed in layer 34. The 
75 sokter baDs on the chip 10 would be made smaller as the 
C-4 joints are brought closer together. For a typical chip 
now in use, a potytmide dam 0.050 mm in diameter would 
aOow a C-4 radius of 0.025 mm and rontre-to-centre spac- 
ing of 0.100 mm, for rw of about 0.025 mm. This would be 
20 a decrease in C-4 joint size and spacing of about 60%. 

At the chip operating temperature T* the gap between 
the walls of vias 36 and the C-4 columns in an undtstorted 
joint of the type shown in Figure 9 can be estimated as: 

( a - a w ) (T - T rt )r^ 
s b s 0 1 



A V 
+ s 



1 
3 



~(6), 



where ap is the thermal coefficient expansion for potyimide; 
ab is the thermal coefficient of expansion for the material of 
substrate 14; a* is thermal coefficient of expansion for 
solder; T s is the temperature for solder reflow; r. is the 
radius at the bottom of via 36 as seen in Figure 9 and 
Avyv is the volume contraction of the solder upon sofofr- 
ficatioa This relationship assumes that the spacing between 
the centres of adjacent connectors is 4r, and that the 
thermal strains are completely relaxed at the upper surface 
of layer 34, as would be approximately the case for a 
structure where h H the thickness of layer 34, is approx^ 



matefy equal to r». If op equals as equals 25 x Ifj-Vdegree 
K; T s equals 297 degrees Celsius; T 0 equals 85 degrees 
Celsius; and r, equals 0.057 mm, then A equals 46 x 
lO^mm. 

The difference in thermal coefficients of expansion be- 
tween chip 10 and substrate 14 is calculated to lead to a 
distortion of a C-4 column at the chip edge approximately 
as i&ustrated in Figure 12 where the C-4 column is shown 
pushed against one side of via 3a The Distance at room 
temperature through which such a C-4 column must move 
to reach the other side of via 36 is defined by: 



2A' = 2A 



S - R 



S 0 



..•(7), 



At the chip operating temperature T* the Distance 55 
through which the C-4 column must move is 2A, as shown 
in Figure 14. Thus, the imposed displacement 5 arising from 
the chip/substrate expansion mismatch at T 0 must not be so 
large that the C-4 column contacts the opposite side wall 
38 of via 36. This situation may be expressed by the 60 
relationship: 



65 
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2A>6 



h l + h 0 



...(8), 



where 5 is given by: 

6 « /2 L (c^ - a c ) (T - T R ) 



10 



-.(9), 



where oc is the coefficient of thermal expansion for chip 
10. Since the displacement must not lead to a shear strain 
exceeding 7^ the maximum allowable shear strain of ap- 
proximately 1%, there 



20 



m 



(10) , 



Then the value of U the longest dimension along any 
edge of the matrix of C-4 columns may be rnaximised by 
letting: 



30 



2A = 



(11), 



which results in a value of hi of 0.267 mm. For this value of 
h h the resulting value of L is 183 mm, which represents an 
increase of approximately 350% over the currently ac- 
cepted maximum chip size. 

However, using this full solder dam thickness of 0J267 
mm would require a targe aspect ratio tor the via holes. H, 
as would be reasonable, a one-to-one aspect ratio were 
used for the via holes, the dam thickness would be 0.125 
mm and the increase in allowable C-4 matrix size would be 
about 140%. 

Figures 16 to 21 illustrate a further specific application 
of the generic invention in which a multi-layered ceramic 
substrata is provided with a unique structure for support in g 
C-4 cokimns in a recessed sokter dam. As shown in Bgure 
16, a multi-layer ceramic substrate comprises a plurality of 
layers I4a-14e which are assembled and fired to provide a 
unitary substrata U.S. Patent Nos. 4,245,273, previously 
mentioned, tor example, discloses prior art processes for 
manufacturing such muitMayered ceramic substrates. In ac- 
cordance with the embodiment of the invention Rtustrated in 
Figures 16 to 21, the final layer 40 of green, unentered, 
ceramic is prepunched to provide a pturafity of vias 36 
positioned to be congruent with pads 16 and conductive 
paths 20, plus other vias 42 positioned to be congruent with 
conductive paths 22 and connection pads 18, tor example. 
See Rgure 17. A suitable mask 44 is provided having 
openings 46 therein which register with vias 36, mask 44 
being blank at the location of vias 42. Vias 36 are fined with 
a combustfcle substance 46 such as terephthafc acid 
paste. See Figure 18. Then, a further mask 50 is provided 
having apertures 52 which register with vias 42, mask 50 
being blank at the locations of vias 36. Vias 42 are then 
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filled with a conductive material such as molybdenum pasta 
See Rgure 19. Conductive paths 22 also may be screened 
onto the surface of layer 40 to provide a connection to pads 
18, in the famffiar manner, then, layer 40 is laminated to 
the previously assembled stack of layers 14a-14e and fired 
to produce the structure m Rgure 20, where combustfcte 
substance 48 has burned away to leave vias 36 open for 
receiving molten solder. Nickel and gokf are plated onto the 
bottom surface of vias 36 to coat the exposed rnorybdenum 
of coriductive paths 20 after which solder balls are set into 
vias 36 and refiowed to fill the vias as shown in Rgure 21. 
Alternatively, the vias 36 may be filled with solder with 
ultrasonic dipping in a solder bath, solder lamination or 
evaporating solder into the vias and reftowing. A temporary 
protective coating may be used on other surfaces of sub- 
strate 14 to avoid solder contamination. Rnafly, a chip 10 
with standard C-4 solder balls on its lower surface is placed 
in contact with substrate 14 so that the solder bafls contact 
the solder in vias 36; the solder is reflowed and the elon- 
gated C-4 columns shown in Rgure 16 are produced. 

It is also within the scope of the invention to produce 
the empty vias 36 in top layer 40 by an embossing tech- 
nique in which the upper ends of conductive paths 20 are 
forced downwardly by a suitably configured die to produce 
a recess having a depth of 0.025 to 0.125 rrm In some 
applications, it may also be desirable to provide C-4 col- 
umns with solder dams only around the periphery of the 
matrix of connections and conventional connections at the 
centre of the matrix, where the shear strains are much less 
than at the periphery. 
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tn currently accepted designs for reliable C-4 solder 
columns, an approximately 17 by 17 matrix of 0.127 mm C- 
4 bads can be used on 0.254 mm centres. Using the 
structure illustrated in figure 16, a matrix of 0.127 mm 
deep recesses can be used to support a 42 by 42 matrix of 
C-4 columns at fatigue strain levels which are currently 
acceptable. 

If conventional 0.127 mm solder baBs are joined to 
0.127 mm deep columns in vias 36, on 0.254 mm centre, 
as shown tn Figure 10, volume contraction in the solder and 
differential thermal shrinkage between the reflow tempera- 
ture of about 300 degrees Celsius and a typical operating 
temperature of about 85 degrees Celsius can be shown to 
result in a combined differential shrinkage of about 
0.0156. For vias 36 0.127 mm in radius, this wtu produce a 
gap A, as in Figure 9, of about 99x1 0" 3 mm between the 
via and the C-4 column at operating temperature. As in 
Figure 12, the outside C-4 columns will be distorted to 
extreme positions at room temperatures and could actually 
contact the opposite walls of their vias. 

To ensure that the outside C-4 columns do not un- 
dergo excessive shear strain and do not contact the op- 
posite walls of their vias, the condition of Equations (8), (9) 
and (10) must be satisfied for the embodiment of Figure 16. 
In such a case, ff 7m equals 0.0094, 0% equals 
6.5x1 0~*/degree K, and etc equals 2^xl0-*/degree K, then 
A, the maximum lateral Di splacement of a C-4 column, will 
be about 180x10-* mm. Since L in Equation (10) is equal 
to (n-1)a where n is the maximum number of columns on a 
side of the matrix of columns and a is the centre-to-centre 
spacing, the maximum number of columns on a side can be 
shown to be about 42 in a ccord an ce with the invention, 
compared to 17 with the prior art The extreme C-4 col- 
umns wi8 not deflect into contact with the opposite walls of 
their vias. 

Figure 22 shows a fragmentary sectional view of still 
another specific application of the generic invention in which 
substrate 14 has been provided with recesses for solder of 
the type shown in Figures 16 to 21, while chip 10 also has 
been provided with recesses for solder of the type shown in 
Figure 3. It is within the scope of flie invention to provide 
such recesses for al or only a selected portion of the 
connection points on either or both of chip 10 and substrate 
14. 

Ctaims 



1. A method for providing controlled collapse corinections 
between a mkxoelectronic chip (10) having a surface in- 
cluding a matrix of electrical co nn ec ti on points and a sup- 
port substrate (14) having a surface including a correspond- 
ing matrix of electrical connection points (16), the method 
comprising the steps ot 



forming, from an etectricafly insulating material, at at least a 
portion of the connection points on at least one of said 
surfaces, dam means defining a central open volume ar- 
ound each such connection point 

introducing molten solder into each open volume defined by 



the dam means; 

allowing the solder to cool to form, at each of the connec- 
tion points cor»cerned, a sotder column; 

5 

positioning the chip and the substrate such that the respec- 
tive matrices of connection points are in alignrnent 

and heating the assembly thus formed to melt the solder 
10 columns and form said controlled collapse connections (26), 
the material of the dam means being such that, on subse- 
quent coofing, the dam means and solder columns separate 
at least partially from each other so as to permit flexing of 
the solder columns. 

15 

2. A method as claimed in claim 1, in which me step of 
forming the dam means comprises: 

20 

providing a layer of electrically insulating material on the 
respective surface; 

and providing through the layer a plurality of holes cor- 
25 responding to the connection points on each surface to be 
dammed, to thereby define the central open volume (36) at 
each such connection point 



30 3. A method as claimed in claim 2, in which the dam 
means are further defined by rerraving sections of the 
electrically insulating layer to leave an annular solder dam - 
(32) surrounding each said open volume. 

35 4. A method as claimed in any preceding claim in which the 
coefficient of thermal expansion of the damming material is 
about one fourth that of the solder. 

a A method as claimed in claim 2 or claim 4 in which the 
40 layer of electrically insulating material is ceramic. 

6. A method as claimed in claim 5, in which the thickness 
of the damming layer is in the range 0.025 to 0.127 
rrdffimetres. 

45 

7. A method as claimed in claim 1, 2 or 3 in which the 
coefficient of thermal expansion of the damming material is 
substantially greater than that of the substrate or chip or 
bom to which it is applied. 

50 

8. A method as claimed in claim 7, in which the damming 
material is a poryunkJe material 

9. A method as claimed in claim 7 or claim 8 in which the 
55 thickness of the ofcmmtng layer is in the range 0.050 to 

0.200 millimetres. 

10. A method as claimed in any preceding claim in which 
the dam means and solder columns are formed on the 

60 substrate (14). 
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